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INTRODUCTION

Tota l ly  b l ind  ind iv idua l s  requ i re  to
compensate for the lack of visual information
by other  sensory inputs  and develop supra
normal  abi l i t ies  in  their  remaining sensory
sys tems .  In  par t i cu la r ,  the  somatosensory
and auditory inputs are crucial to such totally
blind individuals. Specific electrophysiological
record ings  in  the  to ta l ly  b l ind  ind iv idua ls
have reported plasticity – brain reorganization

changes  in  the  invo lved  neura l  t rac t s  and
the higher central nervous system following
visual  deprivat ion and dependence on non-
visual sensory modalities (1, 2, 3, 4, 5). Like
o ther  t i s sue  p las t i c i t i e s ,  the  adap t ive
advantage of neural plasticity probably links
to  f ine  tun ing  deve lopment .  Example
following Braille reading or auditory stimuli.
These changes are beneficial  and the brain
cont inual ly  responds  to  changes  in  s t imul i
by reorganiz ing i t se l f .  Studies  have shown
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augmenta t ion  of  audi tory  evoked  po ten t ia l
changes in totally blind in comparison with
normally sighted (2, 3, 4, 5). But not much
is  documented  on  the  augmenta t ion  of
Somatosensory  Evoked  Poten t ia l  (SEP)
changes in the blind. Therefore, the present
work was undertaken to study the SEPs and
the probable plasticity of the somatosensory
sys tem in  response  to  congeni ta l  ( to ta l )
b l indness .  We s tudied  Median  Nerve  SEPs
elicited by stimulation at the wrist in totally
b l ind  ind iv idua ls  and  compared  them wi th
those of  the normally s ighted.

METHODS

Fif teen congeni tal ly  bl ind females  were
recruited from blind schools and from those
a t tend ing  ou tpa t ien t  depar tments  a t  M.S .
Ramaiah  Medica l  and  Teaching  Hospi ta l ,
Banga lore .  15  Subjec t s  wi th  congeni ta l
b l indness  (Ca tegory-5)  (6 )  and  15  age
matched  normal  s igh ted  hea l thy  females
from the general population were studied as
controls. Subjects were in the age group 18–
40  years  were  inc luded  for  the  s tudy .
Subjec t s  wi th  h i s tory  of  decreased / loss  of
sensory  percep t ion ,  o ther  neuro log ica l
d i sorders ,  us ing  any  drugs  –  narco t ics ,
s t imulan ts  and  neuro t rophic  d rugs  were
excluded from the study. Individuals’ details
like menstrual history, last date of previous
mens t rua l  cyc le  and  handedness  was
procured through his tory from al l  subjects .
Subjects were screened for general physical
health to rule out any clinical disorder, touch
threshold  and  two po in t  d i sc r imina t ion  to
ru le  ou t  any  per iphera l  sensory  d i sorders
l ikely to  interfere  with  the s tudy f indings.
Tactile sensations were tested for by clinical
examinat ion.  Al l  the  subjects  s tudied were
right handed and in the early phase (the first

week) of menstrual  cycle.  Informed writ ten
consent was obtained from all subjects. The
study was approved by the institute’s ethics
c o m m i t t e e .

P r o c e d u r e s

SEPs (Somatosensory Evoked Potentials)
were  recorded  wi th  the  sub jec t s  awake ,
comfortably lying down in the bed in a semi-
darkened  room and  were  reques ted  to
remain calm keeping their eyes closed. SEPs
were  recorded  us ing  NIHON KOHDEN-
Neuropack  (MEB 2200  Vers ion  03 .02)
instrument.  Electrode placing,  nomenclature
and  methodology  of  SEP record ings  were
accord ing  to  Chiappa  (1990)  (7 ) .  The
e lec t rodes  were  a r ranged  over  the  Erb’s
point, C5 spine on the back of neck, contra
la te ra l  pa r ie ta l -occ ip i ta l  sca lp  over  the
sensorimotor cortical areas (C3' or C4') and
referenced to F

Z
. The 3 channel montage (7)

used consisted of :

Channel  I : Erb’s point response,  referred
contra la tera l ly  to  record N9

Channel  I I : Neck (C5S) referred to Fz to
record N13

Channel  I I I : Scalp (C3' or C4') referred to
F

Z
 to record N20

Recordings were obtained with silver cup
electrodes fi l led with contact  gel .  The skin
sur face  was  prepared  wi th  abras ive  ge l ,
e lectrodes f ixed and secured with adhesive
p las te r s .  At  a l l  r ecord ing  s i t es ,  e lec t rode
impedance was kept below 5Ω .  All subjects
were  de l ivered  wi th  a  shor t  dura t ion
e lec t r i ca l  s t imulus  (200–300  µs )  us ing  a
bipolar electrode to stimulate the wrist. The
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groups  were  compared.

The  bas ic  charac te r i s t i cs  d id  no t  show
significant difference between the two groups
(P>0.05) (Table I).

The  mean pa t te rn  of  absolu te  la tenc ies
of SEPs (N9, N13, N20), inter-peak latencies
(N9-N20,  N13-N20)  af ter  wris t  s t imulat ion
did not show significant difference between
the two groups (P>0.05) (Table II).

repeti t ion rate of the st imulus was 2 Hz. A
total of 500 evoked responses were recorded
and averaged for two tr ials  each (to assess
reproducibility) from the right and left wrist.
Broadband  pass  f i l t e r s  a t  10  to  2500 Hz,
restrictive filtering of 150 and 300 to 3000 Hz
and amplif icat ion at  3,00,000.  All  channels
were recorded and averaged s imultaneously
wi th  a  dwel l  pe r iod  o f  5  µs .  Samples
contamina ted  wi th  a r t i fac t s  were  au to
discarded.

Absolute latency and peak ampli tude of
SEP waveforms ,  (N9,  N13,  N20)  and
interpeak latencies of SEP waveforms (N9 –
N20,  N13–N20) were measured.

Stat i s t i ca l  ana lys i s :

Two tailed independent student t test has
been used to f ind the significance of basic
charac te r i s t i cs  be tween  the  congeni ta l ly
blind and the normally sighted and also the
significance of Latency and Amplitude of all
parameters  be tween  the  2  g roups .  Pa i red
Student  t  t e s t  has  been  used  to  f ind  the
s ign i f icance  of  l a tency  and  ampl i tude  of
var ious  parameters  wi th in  each  group  and
between Right  and.  Left  Wrist .

Stat i s t i ca l  so f tware :

The  S ta t i s t i ca l  sof tware  namely  SPSS
11.0 and Systat 8.0 were used for the analysis
of  the  data  and Microsof t  word and Excel
have been used to  generate  tables .

RESULTS

This Comparat ive study consisted of  15
congenitally blind (Group A) and 15 normal
sighted individuals (Group B). Somatosensory
evoked  po ten t ia l  pa rameters  o f  the  two

TABLE I : Bas ic  cha rac te r i s t i c s  o f  the  s tudy .

Basic Group A Group B P
characteristics (n–15) (n–15) va lue
Mean ± S .D.

Age in years 27.50± 3.28 24.95±1.67 0.654
Height in cm 151.71± 8.78 154.47±3.62 0.273
Weight in kg 48.71±10.01 52.13±2.64 0.212
Head circumference
in cm 52.79± 1.05 53.40±1.06 0.128
Arm length in cm 65.07± 2.73 66.27± 1.53 0.154

T A B L E I I : Compar i son  o f  Mean  Pa t t e rn  o f  La tency
on  Wr i s t  s t imula t ion  be tween  the  two
g r o u p s .

Latency
Wris t Group A Group B

P
Mean±S.D. va lue

N 9 Right 9.15±0.63a 9.12± 0.59a 0.907
Left 9.17± 0.69a 8.89±0.64a 0.270

N13 Right 11.91± 0.66a 12.26± 0.52a 0.120
Left 12.01±0.82a 12.09±0.68a 0.767

N20 Right 17.22±0.78a 17.59±0.63a 0.165
Left 17.20±0.79a 17.59±0.48a 0.121

N9-N20 Right 8.07±0.22a 8.20±0.19a 0.105
Left 8.03±0.23a 8.22±0.36a 0.100

N13-N20 Right 5.31±0.52a 5.33±0.39a 0.894
Left 5.19± 0.25a 5.28±0.34a 0.406

Superscripts – Comparison with in each group - Right
vs Left
Non-Identical Superscripts (a vs b) are significant at
5% level of significance
Identical Superscripts (a vs a) are non-signficant.
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The  abso lu te  l a tenc ies ,  in te r -peak
la tencies  of  SEPs  (af te r  wr is t  s t imula t ion)
between r ight  and lef t  in  the  same groups
did not show significant difference (P>0.05)
(Table III) .  The mean pat tern of  ampli tude
(base-peak)  o f  SEP –  N20 a f te r  wr i s t
s t imula t ion  showed s ign i f ican t  d i f fe rence
be tween  the  two groups  (P<0.0001  for
r igh t  wr i s t  and  P<0.005  for  l e f t  wr i s t ) .
N9,  N13 ampl i tudes  (base-peak)  d id  no t
show significant  difference (P>0.05) (Table
III) .

The  mean  pa t te rn  of  ampl i tude  (peak-
peak)  o f  SEP–N20 a f te r  wr i s t  s t imula t ion
showed s ign i f ican t  d i f fe rence  be tween  the
two groups  (P<0.0001  for  r igh t  wr i s t  and
P<0.001 for left wrist).  N9, N13 amplitudes
(peak-peak)  d id  no t  show s ign i f ican t
difference (0.05) (Table IV).

DISCUSSION

We studied Median Nerve SEPs el ici ted
by st imulat ion at  the wrist  in  total ly bl ind
indiv iduals  and  compared  them wi th  those
of  the  normal ly  s igh ted .  The  to ta l ly  b l ind
ind iv idua ls  used  more  than  one  f inger  to
read Braille, more of the index, middle and
r ing  f ingers .  Hence  the  median  nerve  was
stimulated in the wrist  to get  a  cumulative
record of reading fingers.

All SEPs–N9, N13 and N20 evoked from
median nerve at the wrist in the congenitally
blind and normal sighted individuals did not
d i f fe r  in  the i r  l a tenc ies  and  In te r -peak
latencies.  This suggests that  the conduction
(peripheral  and central  conduction) t ime of
the stimulus did not vary in the two groups.
These  f ind ings  a re  in  agreement  wi th
those  of  Alvaro  Pascau l -Leone  e t  a l  (10) .

T A B L E I I I : Compar i son  o f  Mean  Pa t t e rn  o f
Ampl i tude  (B-P)  on  Wr is t  s t imula t ion
be tween  the  two  g roups .

Ampl i tude P
(B-P) Wris t Group A Group B va lue

Mean±S.D.

N 9 Right 5.91±2.54a 6.86± 2.73a 0.341

Left 6.87± 2.45a 7.42±3.81a 0.648

N13 Right 3.15± 0.75a 2.94± 0.31a 0.347

Left 3.87±0.72a 3.46±0.83a 0.168

N20 Right 4.82±1.36a 2.74±0.95a 0.000**

Left 4.20±1.57a 2.76±0.83a 0.004**

*Significant at 5%; **Significant at 1%.

Superscripts – Comparison with in each group - Right
vs Left

Non-Identical Superscripts (a vs b) are significant at
5% level of significance

Identical Superscripts (a vs a) are non-signficant.

T A B L E I V : Compar i son  o f  Mean  Pa t t e rn  o f
Ampl i tude  (P-P)  on  Wr is t  s t imula t ion
be tween  the  two  g roups .

Ampl i tude P
(P-P) Wris t Group A Group B va lue

Mean±S.D.

N 9 Right 8.77±3.09a 9.09± 3.77a 0.803
Left 9.42± 3.29a 9.49±3.94a 0.958

N13 Right 4.89± 1.22a 4.43± 1.03a 0.277
Left 5.59±0.92a 4.93±1.03a 0.077

N20 Right 9.49±2.83a 4.37±1.85a 0.000**
Left 8.77±2.60a 4.95±2.71a 0.001**

*Significant at 5%; **Significant at 1%.

Superscripts – Comparison with in each group - Right
vs Left

Non-Identical Superscripts (a vs b) are significant at
5% level of significance

Identical Superscripts (a vs a) are non-signficant.
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Cont rad ic to ry  f ind ings  have  been  repor ted
with decreased SEP latencies in the total ly
blind individuals by recording Event related
potentials (11).  These findings are probably
l inked  to  increased  a t t en t ion  and  hence
quicker processing during the discrimination
tasks  of  the  event  re la ted potent ia ls .

We measured the base to peak and peak
to peak of all SEPs–N9, N13, N20. Both of
these two methods are commonly used. The
amplitudes of N9 and N13 were comparable
in  the  two groups  a f te r  wr i s t  s t imula t ion .
The N20 ampli tudes both base to peak and
peak  to  peak  in  the  congeni ta l ly  b l ind
ind iv idua l s  were  s ign i f ican t ly  l a rger  as
compared to normal sighted individuals. The
increased  ampl i tude  of  N20 evoked  f rom
median nerve in wrist  in congenitally blind
shows its large scalp distribution and can be
in te rpre ted  as  a  t rue  en la rgement  o f  the
somatosensory cortical representation. These
f ind ings  a re  in  agreement  wi th  those  of
Alvaro Pascaul-Leone et al (10). Within the
same group  in the totally blind  individuals,
N20 ampl i tudes  were  more  on  r igh t  s ided
st imulat ion (dominant  s ide)  than the lef t .

Such  an  observa t ion  in  our  s tudy
sugges t s  the  way  in  which  the  b ra in
reorganizes  i tself  in  response to  bl indness ,
possibly as  a  resul t  of  greater  a t tent ion to
and re l iance  on nonvisual  sensory  avenues
to  main ta in  in te rac t ion  wi th  the  wor ld
around him.  The absence of  d i f ferences  in
the  sensory  func t ion ,  inc lud ing  two-poin t
discrimination tests between the congenitally

blind and normal sighted individuals  seems
to  indicate  that  the  resul ts  drawn in  these
exper iments  a re  no t  re la ted  to  the
differences in the peripheral sensory system.

This  p las t ic  reorganizat ion could  resul t
from an increase in the effectiveness of pre-
ex is t ing  pa thways ,  sugges t ing  tha t  the
representat ional  plast ic i ty  is  a  consequence
of  the  heavy  d i f fe ren t ia l  sensory  input -
acquisition of the Braille reading skill .  One
plaus ib le  exp lana t ion  of  the  expans ion  of
sensory  cor tex  in  the  b l ind  ind iv idua ls  as
found by Elbert et  al  (3) is the elaboration
of the use-dependent cortical  reorganization
involving either an unmasking of previously
si lent  connect ions  and/or  sprout ing of  new
neural  e lements  f rom those that  previously
ex is ted .  The  reorgan iza t ion  of  the
somatosensory cor tex in  the  bl ind (12,  13,
14)  would  appear  to  be  an  exce l len t
compos i te  example  of  the  p r inc ip le
formula ted  by  Merzen ich  e t  a l  15  of  the
continual  competi t ion for cort ical  space.

C o n c l u s i o n s

The congeni ta l ly  bl ind individuals  have
larger  N20 ampl i tude ,  which  i s  sugges t ive
of  g rea te r  somatosensory  cor t i ca l  ac t iv i ty
than normal  s ighted individuals .  Per ipheral
and  cen t ra l  conduc t ion  t imes  a re  no t
s ign i f ican t ly  d i f fe ren t  in  the  congeni ta l ly
blind and normal sighted individuals. Effect
of  b l indness  and  Bra i l l e  read ing  sk i l l s  i s
greater on SEPs recorded from the dominant
and  prefer red  hand.

REFERENCES

1 . Roder  B ,  Teder -Sa le ja rv i  W,  S te r r  A ,  Ros ie r  F ,
Hi l lya rd  SA,  Nev i l l e  HJ .  Improved  aud i to ry

spa t i a l  tun ing  in  b l ind  humans .  Nature  1999
Ju l 8 ;  400(6740) :  162–166 .



188 Dayananda  et  al Indian J Physiol  Pharmacol 2008; 52(2)

2 . Lessard N, Pare M, Lepore F, Lassonde M. Early-
b l ind  human  sub jec t s  loca l i ze  sound  sources
be t t e r  than  s igh ted  sub jec t s .  Nature  1998;  395 :
278–280 .

3 . Thomas  E lbe r t ,  Anne t t e  S te r r ,  Br ig i t t e
Rocks t roh ,  Chr i s to  Pan tev ,  Mat th ias  M,  Mul le r
e t  a l .  Expans ion  o f  the  tono top ic  a rea  in  the
aud i to ry  co r t ex  o f  b l ind .  J  Neurosc i  2002
November  15 ;  22(22) :  9941–9944 .

4 . Hami l ton  RH,  Pascua l -Leone  A,  Rodr iguez  D,
Sch laug  G.  Inc reased  p reva lence  o f  abso lu te
p i t ch  in  b l ind  mus ic ians .  Abs t r  Soc  Neurosc i
2000;  26:  739–713.

5 . Yabe ,  Takao  CA,  Kaga ,  Kimi taka .  Sound
lateral izat ion test  in  adolescent  bl ind individuals .
Neurorepor t  2005  June ;  16(9 ) :  939–942 .

6 . Ramanj i t  S iho ta .  Pa r son’s  Diseases  o f  the  Eye .
19 th  Ed .  New Delh i :  Harcour t  ( Ind ia )  P r iva te
Limi ted ,  Copyr igh t  Bu t t e rwor th -He inemann;
2003:  583–598.

7 . Chiappa  KH.  Evoked  Po ten t i a l s  in  C l in ica l
Medicine.  2nd ed.  New York: Raven Press;  1990;
371–473 .

8 . Bernard  Rosner ,  Fundamenta l s  o f  B ios ta t i s t i c s .
5 th  ed .  Duxbury ;  2000 .

9 . M Venka taswamy Reddy .  S ta t i s t i c s  fo r  Menta l
Hea l th  Care  Resea rch .  Ind ia :  NIMHANS
Publ ica t ion ;  2002 .

10 . Pascua l -Leone  A,  Tor res  F .  P las t i c i ty  o f  the
sensor imotor  co r tex  represen ta t ion  o f  the
read ing  f inger  in  Bra i l l e  r eaders .  Bra in  1993 ;
116 (Pt  1) :  39–52.

11 . Elber t  T ,  Pan tev  C ,  Wienbruch  C,  Rocks t roh  B ,
Taub E.  Increased use  of  the  lef t  hand in  s t r ing
p layers  a s soc ia ted  wi th  inc reased  cor t i ca l
representa t ion of  the  f ingers .  Science  1995;  270:
305–307 .

12 . S te r r  A ,  Mul le r  MM,  E lbe r t  T ,  Rocks t roh  B ,
Pan tev  C ,  Taub  E .  Pe rcep tua l  co r re la t e s  o f
changes  in  co r t i ca l  r ep resen ta t ion  o f  f ingers  in
b l ind  mul t i f inger  Bra i l l e  r eaders .  J  Neurosc i
1998b;  18:  4417–4423.

13 . Cohen LG,  Celnick  P ,  Pascual -Leone A,  Corwel l
B ,  Fa iz  L ,  Dambros ia  J  e t  a l .  Func t iona l
re levance  o f  c ross -mode l  p las t i c i ty  in  b l ind
humans .  Nature  1997 ;  389 :  180–183 .

14 . Sada to  N,  Pascua l -Leone  A,  Gra fman  J ,
Ibanez  V,  De ibe r  MP,  Dold  G e t  a l .  Ac t iva t ion
of  the  p r imary  v i sua l  co r t ex  by  Bra i l i e
reading in blind subjects.  Nature 1996; 380: 526–
5 2 8 .

15 . Merzenich MN, Nelson RJ,  Stryker MP, Cynader
MS, Schoppmann A, Zook JM et al. Somatosensory
cor t ica l  map  changes  fo l lowing  d ig i t  amputa t ion
in  adu l t  monkeys .  J  Comp Neuro l  1984 ;  224 ,
591–605 .


